Data collected for 35 yr from a 1790-ha strip mine reclamation site in Fulton County, Illinois, where biosolids were applied from 1972 to 2004, were used to evaluate the impacts of long-term biosolids application on metal concentrations in groundwater. Groundwater samples were collected between 1972 and 2006 from wells installed in seven strip-mined fields treated with biosolids at cumulative loading rates of 801 to 1815 dry Mg ha −1 and from another seven fields (also strip mined) treated with mineral fertilizer. Samples were collected monthly between 1972 and 1986 and quarterly between 1987 and 2004 and were analyzed for total metals. The concentrations of metals in groundwater were generally below regulatory limits. Lead, Cd, Cu, Cr, Ni, and Hg concentrations in groundwater were similar for the biosolids-amended and fertilizertreated sites across all sampling intervals. Zinc concentration was increased by biosolids application only for samples collected before the 1993 promulgation of the USEPA 40 CFR Part 503 rule. Iron and Mn were the only metals that were consistently increased after biosolids application; however, Mn concentrations did not exceed the 10 mg L −1 regulatory limits. Zinc, Cu, Cd, Pb, Fe, Al, and Mn concentrations in groundwater decreased with time, coupled with the change from pre-part 503 to post-Part 503 biosolids. The concentrations of other metals, including Ni, Cr, and Hg, did not increase in groundwater with the prolonged biosolids application. The study suggests that the long-term application of biosolids at high loading rates does not result in trace metal pollution of groundwater.
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Effects of Long-Term Application of Biosolids for Mine Land Reclamation on Groundwater Chemistry: Trace Metals
Olawale O. Oladeji,* Guanglong Tian, Albert E. Cox, Thomas C. Granato, Richard I. Pietz, Carl R. Carlson, and Zainul Abedin O ne of the beneficial reuse options for biosolids is land application for the reclamation of mined lands. Biosolids promote topsoil development, increase nutrient and water-holding capacity, and stimulate microbial activity, leading to enhanced nutrient cycling and soil productivity (Powell et al., 1986; Sopper and Seaker, 1990; Haering et al., 2000) . Biosolids are often permitted for reclamation at higher than agronomic rates (Sopper, 1993; Stehouwer et al., 2006) .
A major concern associated with long-term land application of biosolids is the accumulation of trace metals in soil and the potential migration of metals to groundwater. Thus, one of the 14 exposure pathways included in the risk assessment for the development of the USEPA 40 CFR Part 503 biosolids rule is human exposure to pollutants through groundwater affected by land application of biosolids (USEPA, 1993) . It has also been postulated that the build-up of metals in soil through biosolids application can create a "time bomb" effect in the long term through mineralization of the organic matter and subsequent release of metals in more soluble forms over time (McBride, 1995) . However, Granato et al. (2004) reported that mineralization of biosolids organic C after the cessation of biosolids application did not increase the bioavailability of heavy metals over time.
Biosolids regulations in some US states (e.g., Illinois, Virginia, Florida, Colorado, and Kentucky) specify minimum soil depth to bedrock or groundwater for land-applied biosolids to minimize the leaching of pollutant metals, including Al, Fe, Mn, Zn, Cr, Cu, Ni, Cd, Pb, and Hg, to groundwater . Numerous studies have shown metal accumulation in field soils treated with biosolids (Higgins, 1984; Matthews and Davis, 1984; Keller et al., 2002; Speir et al., 2003; Rattan et al., 2005; Sukkariyah et al., 2005) . However, most of the metals accumulated in soil through land application of biosolids are sorbed onto the soil matrix and are virtually immobile, posing little risk to groundwater quality (McCarthy and Zachara, 1989; Page and Chang, 1994) .
The risk of metal contamination to groundwater may be greater under land reclamation and other management options that use relatively high application rates or many repeated applications of biosolids. Metals accumulated in soil from repeated application of biosolids can exceed the sorption capacity of the soil and mobilize through soil macropores to lower soil depths (Kretzschmar et 
